The application of Laser welds close to the notch of toughness specimen was made to create a highconstrained condition near the notch tip. Laser welds enabled a very thin specimen (thickness, B = 2.5 mm) to promote brittle fracture at a lower CTOD level than the full-thickness (B = 20 mm) homogeneous specimen. This is due to the plastic constraint induced by the strength mis-matching.
Introduction

Experiments
Three-point bend specimens were extracted from a long-term used 20 mm thick pressure vessel of a chemical plant. Material of the pressure vessel was a C-1/2 Mo steel of ASTM A 204 A class. The chemical composition and mechanical properties of the material extracted from the long-term used vessel are shown in Table 1 . The yield strength and tensile strength met the value specified in the standard, while the impact energy showed a decrease by about 15 J from the standard value. This loss in the impact energy resulted from the embrittlement by long-term usage.
The size of the test specimen extracted from the pressure vessel in service should be as small as possible to keep the structural integrity of the pressure vessel. In this study 2.5 and 5mm thick specimens were extracted. As a reference specimen, the full-thickness (B = 20 mm) specimen was also used. A couple of Laser welds were laid for thin specimens (B = 2.5, 5 mm) as shown in Fig. 1 from the notch plane to the weld center was varied as indicated in Table 2 . Figure 2 to the notch (es=0.2 mm) produces the highly-stressed region to the largest extent. But, in the case of the Laser welded specimen with es =0.6 mm the highlystressed region is considerably smaller, of which size is compatible with the homogeneous specimen. Figures 9-11 indicate that the stress fields are very sensitive to the distance from. Laser welds to the notch plane. Very small shift (from 0.2 to 0.6 mm) of the location of Laser welds resulted in a considerable change in the near-tip stress field.
2 Effect of width of Laser welds
The value of es was kept constant at 0.2 mm and the width of Laser welds was changed according to Table 3 . It was found that the width ( WL) of Laser welds did not give large influence on stress fields as shown in Fig. 12 . The similar results were obtained for specimens with thickness B =5 mm.
These results indicate that the width of Laser welds applied in experiments is enough to create large plastic constraint by strength mis-matching. 
shown that the distance from Laser welds to the notch and the weld shape have a marked effect on the plastic constraint.
The influence of the width of the weld is minimal.
In this way, it was demonstrated that high constrained state in near-crack tip region can be produced, even for very thin specimen, by locating hard zone near the crack tip. This is attributed to the constraint effect induced by strength mis-matching. Unstable fracture at low load level caused by constraint effect does not directly correspond to the plane strain fracture. However, the present procedure using mis-matching effect was found to be effective to promote brittle fracture for very thin specimen.
This could save thickness requirement for the plane strain fracture.
In this study the mis-matching level (the ratio of yield strength of weld metal to that of base metal, was kept constant.
It is expected that the degree of plastic constraint depends on the strength mismatching level as well as the toughness level of the material. Further investigation is now under progress. tance of Laser welded thin specimen is due to the plastic constraint by strength mis-matching.
The distance from Laser welds to the notch and the shape of Laser welds gave a great influence on the plastic constraint around the notch tip. The influence of the width of Laser welds was marginal.
The application of hard zone near the notch space of the toughness specimen could save thickness requirement for the attainment of the plane strain fracture. This is attributed to elevation of stresses and enlargement of highly stressed region near the crack tip.
